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PREFACE

This report uses the Wharton EFA Motor Vehicle Demand Model (Mark I) and

its associated data bases to discuss and analyze past and future trends in the

automobile market. While the modeling effort emphasizes the behavioral rela-

tionships between variables, much valuable information and insight may be

gained from a study of past trends.
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PART A

ANALYSIS OF HISTORICAL TRENDS

INTRODUCTION

This part of the report discusses historical trends in the automobile

market from 1958 to 1976. The data for this study were originally developed

in constructing the Wharton EFA Automobile Demand Model .11 'll The historical

analysis is divided into four sections: New Registrations, Vehicles in

Operation and Vehicle Miles Travelled, Physical Characteristics and Fuel

Economy, and Prices and Costs.

Throughout this report a major point of comparison is between automobile

size classes. These classes are primarily defined by wheelbase as follows:

Subcompact
Compact
Midsize
Full size
Luxury

(up to 100")

(100+ to 111")

(111+ to 118")

( 118+"

)

(classified by price).

In addition to the five domestic classes, three foreign classes are defined as

subcompact, compact, and luxury.

In the area of new regi strations , Section 1 analyzes the behavior of

total sales, and the competition between foreign and domestic vehicles. This

focus is continued in the following subsection, where sales by size class are

discussed. The final subsection compares sales by domestic manufacturer and

by size class.

— The model and data base are documented in An Analysis of the Automobile
Market: Modeling the Long-Run Determinants of the Demand for Automobiles ,

George R. Schink and Colin J. Loxley, DOT-TSC-NHTSA- 79-49. 1/D0T-HS-804 847,

U.S. Department of Transportation , Transportation Systems Center, December 1979.

2/— Revisions to the Wharton EFA Automobile Demand Model - The Wharton EFA Motor

Vehicle Demand Model (Mark I ). Colin J. Loxley, et al .

,

D0T-TSC-NHTSA-80-23/D0T -

HS-805 567, U.S. Department of Transportation, Transportation Systems Center,

December 1980. A revision of the model and data base document in Reference 1.

1



Section 2 focuses primarily upon the aggregate indicators of vehicles in

operation and vehicle miles, with estimates of the automobile stock broken

down by size class, and a discussion of scrappage.

The discussion of automobile characteristics in Section 3 is important,

both in explaining past trends as well as being a portent for the future. In

Sections 3 and 4, the discussion of costs and prices provides explanations of

past trends in sales. The primary emphasis here is a thorough study of trends

by size class.

2



1. NEW REGISTRATIONS

1.1 TOTAL, DOMESTIC AND FOREIGN

Automobile sales are highly cyclical, with periods of strong growth

interrupted by sharp declines. This well-known characteristic is clearly

highlighted in Figures 1-1 and 1-2, which depict the levels and growth rates,

respecti vely, of the total for domestic and foreign new registrations. Figure

1-3 shows the typically close correspondence between auto sales cycles and

fluctuations in the general economy, indicated by real disposable income.

TOTAL ' DOMESTIC FOREIGN

FIGURE 1-1. NEW REGISTRATIONS

3
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FIGURE 1-3. NEW REGISTRATIONS AND INCOME, GROWTH RATES
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Following the severe 1957-58 recession, auto sales grew strongly through

the 1960s, interrupted by modest declines in 1961 and 1966-67. Indeed, total

new regi strations doubled between 1958 and 1966. Throughout this period, the

very small (from 5 to 10 percent) foreign component showed a very different

pattern. After very rapid growth in the late 1950s, foreign sales declined

precipitously during 1960-62 with the advent of the first effective domestic

competition in the small car market. This challenge quickly faded, however,

and foreign sales thereafter experienced continuous growth through 1973,

reaching a peak of over 1.7 million new registrations--over five times the

1962 trough. (See Figure 1-4.)

During this period, foreign sales appeared virtually "recession-proof,"

apart from the growth-decline in 1969. Since attaining 15 percent of the

market in 1971, however, foreign sales have tended to track the common cycle

more closely, the notable exception being their 1976 decline. Thus, from 1963

to 1975, foreign sales outgrew domestics in every year, with 1972 the excep-

tion. For instance, in 1966-67, domestic new registrations fell 3 percent and

7 percent respectively, while imports rose 17 percent and 19 percent.

The 1967 national recession was, in fact, largely led by the auto indus-

try, exacerbated by a moderately severe strike and a decline in inventory

investment. It was then that a broader range and variety of imports began to

appear, with the entry of Datsun (1965) and Toyota (1966) into the US mar-

ket. The Japanese firms quickly established themselves—Datsun's sales, for

instance, rose 70 percent in their second year.

The 1968 election year boom was extremely short-lived with 1970 ex-

periencing the worst decline for the domestic industry since 1958. The

1971-73 period then saw a resumption of the mid-1960s growth rates. Both

foreign and domestic sales registered a record year in 1973. Then the em-

bargo, the late-1974 recession, and rapid inflation led to a huge 24 percent

drop in domestic sales accompanied by a 20 percent fall for imports.

5
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FIGURE 1-4. IMPORT MARKET SHARE

Domestic sales then fell a further 8 percent in 1975 (to below their 1963

level), while imports gained ground, recovering at almost a 10 percent rate.

However, 1976 saw this pattern reversed, with domestics gaining almost 25

percent and imports dropping by almost 5 percent. This counter-cyclical

imports behavior is significant; contrary to ad-hoc generalizations concerning

the impacts of the embargo, the 1974-75 developments can be traced to prices

and costs (as documented in Section 4). The price increase effects totally

dominated the impact of gasoline costs--although both tended to operate in the

same direction. Domestic prices showed enormous increases in 1975, especially

the small cars. In 1976 this was reversed, domestic prices showing moderate

increases, while foreign prices rose sharply.



1.2 NEW REGISTRATIONS BY SIZE CLASS

An important factor in the 1974-76 pattern of domestic and foreign sales

is the well-known phenomenon of "trading-up"--in a recession and/or high

inflation year, buyers switch to cheaper (i.e., smaller) vehicles and vice-

versa. These cyclical impacts on the size class distribution can be seen in

Figure 1-5. Here we show market shares by class, with all small cars

combined. Figures 1-6, 1-7, and 1-8 show sales for the foreign classes and

their domestic counterparts, as shares of total new regi strations. Figures

1-9, 1-10, and 1-11 show the foreign shares of total subcompact, compact, and

luxury, respectively.

195801 19/631

TIME

FIGURE 1-5. NEW REGISTRATIONS, SHARE BY SIZE CLASS
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FIGURE 1-6. NEW REGISTRATIONS, DOMESTIC VERSUS FOREIGN SUBCOMPACTS

COMPACT

60 65 70 75

195501 197901

TIME

FIGURE 1-7. NEW REGISTRATIONS, DOMESTIC VERSUS FOREIGN COMPACTS
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LUXURY

195801 197601

TIME

FIGURE 1-8. NEW REGISTRATIONS, DOMESTIC VERSUS FOREIGN LUXURY

The small car share rose rapidly from 1958-61, primarily due to foreign

subcompact and domestic compact sales, the latter peaking at almost 20 percent

by 1962. After falling into a slump from 1963-66, small cars outperformed the

rest of the market throughout the 1970s. Cyclical increases can be observed

in the recessions of 1961, 1967, 1970-71, and most prominently, 1974-75. The

opposite effect—declines or slower increases--can be seen for the good sales

years, 1962-65, 1972, and 1976. It thus appears that the embargo did affect

the size distribution of sales in 1973--which was a record sales year--

particularly favoring domestic small cars. The growth of domestic subcompact

new registrations from 1970 to 1973 was remarkable. From a 1969 level of just

over 4 thousand, they rose to 1.13 million in 1973. This renewed domestic

competition is seen most dramatically in Figure 1-9, the foreign share of

subcompacts, which goes from 90 percent in 1958 to 40 percent in 1962, and

from virtually 100 percent in 1969 to 50 percent in the mid-1970s.

9



SUBCOMPACT
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FIGURE 1-9. NEW REGISTRATIONS, FOREIGN SHARE, SUBCOMPACTS

COMPACT
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TIME

FIGURE 1-10. NEW REGISTRATIONS, FOREIGN SHARE, COMPACTS



In terms of the other classes, we see that fullsize and midsize exchanged

positions during the period of rapid growth from 1958 to 1965. In fact the

switchover was even more abrupt than indicated here. The midsize definition

was adjusted to more gradually phase in the new models from Chevrolet, Ford,

and Chrysler. Note that over this period the sizes of vehicles within the

mid and fullsize classes generally declined (see Section 3). The strongest

influence here was undoubtedly the relative affluence of this period, in terms

of the increase in personal disposable income. Comfort, in terms of vehicle

size and increased options, and "style" were major selling points during this

period of stable or declining new car prices.

The midsize share then fluctuates around 23 percent, dipping in 1971.

From 1971 to 1976, a steadily increasing trend is observed. After the mid-

1960s the strongest trend is the continuing decline of the fullsize share,

which is absorbed by the small car increase. It should be stressed that the

decline of the fullsize domestic vehicle was underway well before the oil em-

bargo, at the same time that curb weights--and prices--began to accelerate.

The luxury share has moved very slowly towards 10 percent from its 7 percent

level of 1963-64, with foreign luxury models increasing their share of total

foreign and total luxury sales, the latter as shown in Figure 1-11.

LUXURY

19S801 197601

TIME

FIGURE 1-11. NEW REGISTRATIONS, FOREIGN SHARE, LUXURY
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1.3 NEW REGISTRATIONS BY DOMESTIC MANUFACTURER

The relative standings of the four major domestic producers have remained

unchanged over the last 19 years, GM dominating throughout with around 50

percent of the market, while Ford has generally maintained a 25-30 percent

share. The relatively modest variations over time are shown in Figure 1-12.

Chrysler's share grew significantly from its 1962 trough, almost reaching 20

percent before declining during the 1970s. American Motors' share declined

from its peak in the early 1960s, recovering only briefly in 1973-75. Sharp

fluctuations that can be observed are GM's increase in market share in 1961-

62, Ford's 1967 and 1976 declines, and GM's 1970 and 1974 declines. Many of

these abrupt changes in market shares have been associated with the severity

of an autoworkers strike.

TIME

FIGURE 1-12. COMPANY MARKET SHARE

In Figure 1-13, subcompact sales shares by company are shown. Notice

that Chrysler did not produce a subcompact during this period. In 1958 Ameri-

can Motors was the only domestic producer, with less than 12 percent of the

12



market. Then in 1959, General Motors' Corvair entered the market, and rapidly

gained a dominant share. In 1964 the Rambler American was upgraded into a

compact, and--beset by concerns about its safety--Corvai r sales then began to

decline as rapidly as they had originally grown. By 1969 domestic competition

in the subcompact market had ceased to exist. In 1970, Ford, GM, and AMC all

reentered the market, with the Pinto, Vega, and Gremlin, respectively. Ford

was the most successful, attaining a 29 percent share in 1974. GM eventually

overtook Ford in 1976, reaching its peak of 22 percent. AMC also showed

steady, if unspectacular, growth.

195801 197601

TIME

FIGURE 1-13. SUBCOMPACT MARKET SHARE

The compact market shows many more fluctuations (Figure 1-14). First,

until 1973, GM did not dominate the market. AMC dominated prior to 1960, but

its share declined precipitously as Ford became the leader--a position main-

tained through the decade due to the success of the Falcon and Mustang.

Lacking a subcompact, it was perhaps natural for Ford and also Chrysler to

13



focus on the compact market. Chrysler did extremely well in 1963 (around 30

percent) but then its share declined until revived in the 1970s by the Dart

and Valiant, when it briefly attained market dominance. The market for com-

pact cars has been, and remains, extremely competitive. It should be remem-

bered that foreign competition has been relatively minor and of a specialized

nature.

WC _ _CHRYSIER_ _ _ FORD. _ _ _GH

195801 197601

TIME

. FIGURE 1-14. COMPACT MARKET SHARE

Figure 1-15 illustrates midsize sales by manufacturer, a market increas-

ingly dominated by GM over the historical period. Most of the upward trend in

GM's share was at the expense of Ford, and later on, both Chrysler and AMC.

Chrysler seriously challenged Ford for second place in 1965, and briefly

attained that position in 1967 and 1975. AMC did briefly attain a respectable

share in the mid-1960s, but could not maintain more than a minor share there-

after.

14
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FIGURE 1-15. MIDSIZE MARKET SHARE

GM has also continuously dominated the full size market, as shown in

Figure 1-16. The overall trend in GM's share is, however, downward, from the

1958-62 period when it possessed 70-75 percent of the market. Both Ford and

Chrysler gained from the GM decline during the 1960s; however only Ford has

managed to maintain its upward trend.

Chrysler was severely affected in 1976 by its inability to redesign its

fullsize vehicles, and sharply lost share to GM and Ford, falling to a post-

1962 low of 7 percent. AMC briefly entered the fullsize market between 1967

and 1974, but never attained even a 2 percent share, being financially unable

to compete seriously. The impact of the 1970 GM strike is particularly

noticeable in the fullsize market.

15
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FIGURE 1-16. FULLSIZE MARKET SHARE

The final segment to be discussed is the luxury class, shown in Figure

1-17. Just as for the total luxury share, fluctuations by company are rela-

tively modest. Again, 01 is dominant, with 65-70 percent of the market

throughout. Ford shows a downward trend during the 1960s, but recovers some-

what during the 1970s. Chrysler, on the other hand, has slowly declined since

1967, dropping to only 5 percent.
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2. VEHICLES IN OPERATION AND VEHICLE MILES TRAVELLED

2.1 VEHICLES IN OPERATION

Estimates of vehicles in operation are presented and discussed in two

forms: year-end data by class of car (Table 2-1) and midyear estimates by

vintage (Table 2-2). Constructing consistent estimates of such data over time

is a difficult exercise and inevitably assumptions and approximations are re-

quired. Our data are similar to, and in some ways derived from, the R.L. Polk

data, but there are significant differencesMU
Since fluctuations in new registrations and scrappage usually coincide,

changes in vehicle stocks growth only partially tend to reflect good and bad

sales years, and growth rates are also stabilized and strongly affected by the

impacts of previous fluctuations. Thus, 1976 registered the historical low

rate, 2.3 percent, despite the sales recovery in that year, due to the scrap-

page rebound and the low 1974-75 sales.

A general declining trend in growth of stock is apparent, dominated by

the 1974-76 results. The strongest growth occurred between 1958 and 1965,

when annual growth never fell below 3.2 percent, and the average compound

growth rate exceeded 3.8 percent per annum. Stock growth fell sharply in

1966-67, and was then again affected by weakening economic conditions in

1970. Hence, while the average annual growth rate fell below 3.5 percent only

twice from 1958 to 1965, from 1966 to 1976 it has exceeded 3.8 percent in only

two years. The overall average rate of growth from 1958 to 1976 is 3.4 per-

cent, a rate equalled or surpassed only four times in the past eleven years.

This slowdown is more marked if we look at the ratio of cars operated to

licensed drivers. With an automobile stock (excluding all light trucks and

vans) of 97.8 million by the end of 1976, the ratio stood at 0.73, a decline

from the 1973 high of over 0.74, and the same ratio achieved in 1969-70. This

contrasts with the growth from 1958 ' s 0.66 ratio.

1 / See Schink and Loxley, ojd. ci t .

,

and 2/ Loxley et al . , 0£. ci

t

.
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The distribution by class naturally reflects the cumulative effects of

shifts in the sales mix over time. Thus, we see (Table 2-1) that the fullsize

share of total cars has declined substantial ly , from near 40 percent in

1969-70 to 31 percent in 1976, and even the absolute number is estimated to

have declined since 1972, from almost 34 million to 30 million in 1976. The

fullsize segment has thus been rapidly displaced by the rising small car

stock. Subcompacts have grown from under 7 million to over 17 million (1969-

76), more than doubling their share. Compacts have also increased their

share, from 15 percent to almost 19 percent. Midsize cars finally halted

their continuing decline in 1976, having been first replaced by fullsize until

1969, and then losing ground, less rapidly, to the small cars.

Imports, reflecting their increased penetration, have experienced a very

rapid increase, with over 12 million estimated to be on the road by the end of

1976. Their 1976 share of almost 13 percent is up over 50 percent since 1970,

despite the more effective domestic competition during this period.

The distribution of midyear vehicles by vintage (Table 2-2) does not, of

course, change rapidly from year to year. Since scrappage rates are strongly

affected by age, we can observe the "blips" of high sales years moving stead-

ily through the age distribution. The estimated average age rose to 5.6 years

by 1963, then declined steadily to 5.1 by 1969. Since then it has again

risen, to 5.7 by 1976. Since 1969, the share of 0-4 age group has declined

from 51 percent to 44 percent, while the 5-9 group has increased slightly from

36 percent to 39 percent, and the 10-14 group has risen sharply, from 11 per-

cent to 15 percent.

2.2 VEHICLE MILES TRAVELLED (VMT)

According to Federal Highway Administration estimates, automobile travel

has risen rapidly from 542 billion miles in 1958 to 1076 billion by 1976--an

average annual growth rate of just under 4 percent. In 1973, growth slowed to

almost 3 percent, and 1974 saw the first absolute decline, with a drop of 2.6

percent. However, the effects of the embargo and the sharp gas price increase

have clearly been overcome by rising income, increased auto stock, and im-

proved fleet fuel efficiency, with vehicle miles travelled (VMT) growth recov-

ering to the 4 percent range.
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To put this growth in perspective, the estimated midyear stock of cars

grew at an average annual rate of just under 3.5 percent from 1958 to 1976.

Hence, annual mileage per car has risen relatively modestly, at just under 0.5

percent per year. To some extent the statistics pre-1963 are questionable,

and thus, using 1963 as a base, we see that growth in VMT per car averaged 1.4

percent for 1963-72, and exactly half that for the 1963-76 period. As Table

2-3 shows (below) the 1972 peak of 11.5 thousand miles per car had still not

been surpassed by 1976: VMT per car in 1976 equalled that of 1970. During

this period, real disposable family income had actually dropped 3 percent,

consumer prices rose almost 50 percent, and gas prices rose 67 percent (58

percent from 1972 to 1975).

TABLE 2-3. VEHICLE MILES

Year Total Per Car Urban %

1958 542 10.2 48.4
1959 570 10.4 48.5
1960 585 10.3 48.4
1961 602 10.2 48.3
1962 626 10.3 50.4
1963 642 10.1 50.3
1964 674 10.2 50.2
1965 706 10.3 53.2
1966 745 10.5 53.2
1967 766 10.5 53.7

1968 806 10.7 53.9
1969 850 10.9 54.2

1970 891 11.1 54.9
1971 939 11.3 55.1
1972 986 11.5 56.5

1973 1017 11.4 57.2

1974 991 10.8 57.8

1975 1028 10.9 58.0

1976 1076 11.1 58.0

A final dimension of interest is the distribution of travel by urban and

rural areas. Although the FHWA data must be regarded as very approximate, the

urban proportion of pure automobile travel has risen substantially, having

now attained 58 percent. Much of this increase is, of course, "definitional"

due to the spread of urbanization itself, and it probably reflects the growth

of suburbia and the increased use of the private car for commuting.

/
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3. PHYSICAL CHARACTERISTICS AND FUEL ECONOMY

3.1 CURB WEIGHTS

With the exception of subcompacts. Figure 3-1 shows that domestic curb

weights all follow similar trends over time, declining until the mid-1960s,

thereafter increasing substantially, with luxury and fullsize registering

slight declines in 1976. The increases were especially dramatic from 1969 to

1974, emphasizing the relatively recent nature of the gas guzzler behemoths,

and suggesting that the desire to maintain "expected" levels of performance

and comfort in the face of increasingly severe emissions and safety regula-

tions may have been a partial factor.

Domestic luxury cars gained less than 50 lbs from 1964 to 1969, but more

than 350 from 1969 to 1974. Fullsize grew by almost 250 lbs, 1964-69, but

ballooned by over 400 lbs more by 1974. Even more dramatically, the midsize

curb weight exploded by almost 650 lbs (an 18 percent increase) over the 1969-

74 period, compared to a gain of under 200 lbs in the preceding five years.

Small domestic cars have a different pattern. Compacts participated in

the general increase, but their rate of gain has been fairly stable, gaining

600 lbs from 1965 to 1974. Average subcompact weight showed little variation

pre-1970, when the new domestic models appeared causing an abrupt drop. From

1971 to 1975, however, they gained 600 lbs (a 27 percent increase), before

declining in 1976. It is interesting to note that the overall sales-weighted

average domestic car curb weight in 1976 was only slightly higher than in

1958-59 (Figure 3-3).

The foreign car trends may be easily summarized (Figure 3-2): since

imports first began to sell in significant quantities and offer a full range

of models, the average weights have risen significantly, but (in general) less

rapidly than domestics. Thus, the foreign subcompacts averaged just 100 lbs

less than domestics in 1971, but were 400 lbs lighter by 1975. Note that the

foreign luxury class has increasingly included more smaller (but high-priced)

vehicles.
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3.2 ENGINE DISPLACEMENT

Since engine sizes are strongly correlated with power, and larger engines

weigh more, it is not surprising to observe a high degree of correspondence

between the trends for curb weight and displacement. It is therefore of in-

terest to look at displacements relative to curb weights--an indicator of

power to weight ratios. In Table 3-1, these ratios are shown by class as well

as overall averages.

The striking fact is the general decline for domestics since the late

1960s--subcompacts peaked in 1970, compacts in 1969, midsize in 1969, fullsize

in 1968, and luxuries in 1970. The only significant trend reversals are sub-

compacts in 1975--due to the popularity of the Monza-type larger engine

options--and the compacts increase in 1972. Foreign cars have shown less

variation than domestics, but even here--where ratios are much 1 ower--decl ines

since 1972 are seen for subcompacts and compacts.

Overall, the average domestic engine displacement to curb weight ratio

has declined by over 17 percent from 1969 to 1976, while the average for all

cars has declined over 18 percent during the same period. Apparently the

"muscle-car" boom was a response to rapidly rising prosperity during the

1960s, and had already begun to decline before the oil embargo and government

regulations took effect. It is interesting to note that domestic manufac-

turers were thus willing or able to relatively or absolutely reduce displace-

ments during a period when curb weights generally rose.

3.3 TRANSMISSION TYPE

The primary focus here, of course,

transmissions against automatic. While

in increasing fuel efficiency of manual

over the historical period.

is the fraction sold with manual

overdrive does play a marginal role

transmissions, its impact was minimal
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TABLE 3-1. DISPLACEMENT-TO-WEIGHT RATIOS (Cubic Inches/Pounds)

TOTAL;
OM*’PsTfr • fobfigh ali

1 9*5* , 75*677 -01 . 399766—0

1

. 7 9 2996 -01
' 1959 .773526-0! .901 926-01 . 753756-0

1

I960 ,736956-01 .
ap«o<»f -o i .722506 -n

1

1 **b j
.757606-01 .a«3iir-oi .799876-01

1 ®62 .776166-01 .929996-01 .
7* (,5 1 6 -n |

1®63 .001936-01 .915676-01 .790996-0 1

lot*a .*23266-01 .9299*6-01 ,810166—01
!®65 .*52*56-01 .026271 -01 ,8 399(,6 -0 1

1966 .*66976-01 .035726-01 ,899596-0

1

1967 .917756-01 .9573*6-01 ,8990(6-01
l®b* ,928*66-01 ,u 50 a*f -ol ,900776-01
1969 ,932096-01 .993006-01 ,90| 736-01
1970 .9160*6-01 .959336-0) ,*7h|*6-01
1971 , **533E-fl 1 .aS975C-ol ,*96796-01
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Table 3-2, showing all the physical characteristics, demonstrates the

well-known fact that the American consumer has historically much preferred

automatic transmissions. They are convenient, and even appropriate, for

American driving habits and conditions. Again, we note the general increase

in domestic usage from the mid-1960s, common to all domestic classes. Subcom-

pacts show an abrupt downshift in 1970, as the first genuine ''import-fighters"

appeared. Since then, however, the percentage with automatics has again crept

upwards. Except for subcompacts, the 1976 penetrations of automatics were at

historical peaks for domestic cars.

Car sales data for foreign cars on their transmission types are incom-

plete or nonexistent for the most part, hence the historical data reflect

assumptions made concerning their relative positions vis-a-vis domestics.

3.4 ENGINE CONFIGURATION

Since the number of cylinders has a significant impact on fuel economy,

we divide sales by class into their percentages by four, six, or eight

cylinders. Table 3-2 shows the four- and six-cylinder percentages, with the

eight-cylinder being the residual. The four-cylinder engine was almost never

used domestically pre-1970, and even after its introduction on a large scale

of subcompacts, a shift towards six-cylinder engines began immediately. It

should be emphasized that displacement is estimated to have a greater impact

on fuel economy than the number of cylinders. A small six-cylinder engine has

potentially greater flexibility, response, and smoothness than a four-cylinder

of the same displacement. There also was a perception by consumers, with some

justification, that some of the early American four-cylinder engines were not

as reliable as the six-cylinder engines.
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The mainstay for domestics has, of course, always been the V8.

Historically, the midsize class did have a significant proportion of sixes--

between 30 and 40 percent up to 1965--but these soon vanished as displacements

and weights began to rise. Nonetheless, an increase in six-cylinder engines

has occurred since 1973, and clearly this should be expected to continue. In

contrast, the domestic compacts held on to their six-cylinder sales much

better. They have fluctuated around 50 percent since 1967. Foreign car sales

are dominated by four-cylinder types and always have been. The increase in

four-cyl inder luxury types is due more to rapid price increase than any design

shifts. Foreign luxury eight-cylinder usage has never exceeded 5 percent.

3.5 FUEL ECONOMY

There are no independent, comprehensive, and complete measures of fuel

economy. The WEFA estimates (Table 3-3) of new car "on-road" mpg by class are

derived from a large sample of CONSUMER REPORTS test results and the statis-

tical analysis of the determinants of fuel economy based on these data.A/2/ The

new car Environmental Protection Agency (EPA)-based estimates are derived from

1975-78 EPA drive cycle results. Therefore, the "historical" class estimates,

which are based on a behavioral linkage to physical characteristics, must be

regarded as highly approximate. The overall fleet miles per gallon data are

taken from the Federal Highway Statistics.

As Table 3-3 shows, "on-road" mpg fell for each domestic class from about

1963 on until 1974. The subcompact data are meaningful only from 1970 on,

from which point mpg declined precipitously until 1975. Although falling

throughout the 1960s, the most rapid mpg declines occurred between 1968-74.

This corresponds to the increase in curb weights, displacements, and auto-

matic transmission penetration previously noted. For the 1963 to 1968 period,

fuel efficiency declined by 5 percent for luxury domestics, 7 percent for

fullsize, 11 percent for midsize, and 15 percent for compacts. From 1968 to

1974, the corresponding declines are significantly greater: 10 percent, 13

percent, 16 percent and 10 percent, respectively. Over the same periods, the

—'

'

See Schink and Loxley, 0£. cit . , and 2/ Loxley et al . , 0£.
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declines in the overall domestic new car average were 10 percent and only 5

percent, respectively.

Hence, we see the changes in the mix of sales negated the generally

larger class declines from 1968 to 1974. The dominant factor here, of course,

is the change in the fullsize market share, from 52 percent in 1965 to 23

percent in 1974, the rising midsize (23 percent to 29 percent) and small car

(15 percent to 39 percent) shares. In fact, the overall domestic average

peaked in 1961, rose slightly due to the sales decline of 1970, and hit its

trough in 1973. From 1973 to 1976, domestic mpgs rose 5 percent, both by

class and overall.

The imports' fuel efficiency has, of course, always been substantially

above the domestics' due mostly to the sales mix, but also helped by their

superiority between similar classes. Even at their best (1971), domestic

subcompacts achieved only 93 percent of the import subcompacts 1 mpg. Like

the domestics, imports had sharply declining mpgs during the early 1970s--the

subcompact average fell 15 percent from 1968 to 1975.

The EPA-based estimates tend to show similar trends to the "on-road," the

most important difference being the deterioration in 1976. It should be noted

that this may be due to changes in test procedures from 1975.
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4. PRICES AND COSTS

4.1 PURCHASE COSTS

The components of total delivered purchase cost for the eight size

classes are shown in Table 4-1. Total price by class is the sum of the base

price, the value of options installed, transportation charges, and sales tax.

The base price is the average cost of models with purely standard equip-

ment, where the latter is common within each size class. In other words,

within size classes, the list prices have been adjusted for quality differen-

tials when features not usually standard have been included. The "value of

options installed" is thus higher than the published data. The sum of base

plus options does coincide with published estimates.

The "maximum options price" is the cost of the entire basket of options

offered by class, the mix being held constant so as to derive a price measure,

as opposed to expenditures. Both the base price and the maximum options price

data include a fixed weighted average value for domestics, based on 1972 new

registrations by class. These again are price indexes, with the sales mix

held constant.

The oil embargo, economic recession, and rapid general inflation had a

dramatic effect on prices in 1974 and 1975. In the decade 1963-73, the fixed-

weight domestic average price rose only 22 percent--a compound rate of a mere

2 percent per year. From 1973 to 1976 it jumped 35 percent--over 10 percent

per year. Individually almost every size class exhibits the pattern of a

greater change in their base plus options price for the 1974-75 period, the

notable exception being fullsize. Here a sharp 8 percent increase in 1971 and

the moderate 1974 hike yielded a 1973-76 growth of "only" 26 percent. Domes-

tic luxury cars also received a below average increase (32 percent).
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It is, perhaps, not a surprise to observe that small car prices show the

most rapid increases, including foreign makes. Obviously the demand for these

cars was strong and the manufacturers
'
pricing reflected this. An additional

factor was the strong increase in their options expenditures due to greater

luxury features being offered and demanded. Subcompact prices rose most

rapidly in the 1972 to 1975 period: up 55 percent for foreign cars, while

domestics' prices rose 58 percent in the same period. Foreign compacts'

prices rose 52 percent from 1973 to 1976, while domestics' gained 48 percent.

The coincidental nature and timing of the domestic and foreign price in-

creases for these closely competing classes is quite marked. Their rapidity

is to a large extent due to the upgrading of small cars from a cheap, "no

frills" image towards more comfortable, but still high mpg, vehicles.

Other purchase costs included are taxes and transportation charges. The

latter appear to have risen sharply in the 1968-71 and 1974-76 periods. They

are estimated to have roughly tripled since 1967. The sales tax rate average

rose rapidly in the 1966-68 period, adding 1.16 points to the 1965 rate of 2.6

percent. Apart from the 1971 increase of 0.34 points, the subsequent yearly

increases have stayed in the 0.05 to 0.1 range.

The overall average new car purchase cost (Table 4-2) rose very moderate-

ly until the 1970s. However, even with the more rapid increases in the 1970s

(most notably 1974-76), the trend relative to consumer prices generally has

clearly been downward. The 1967 -price of $3515 can be compared to a 1958

price of $3627 in 1967 dollars, and a 1976 price of $3384 in 1967 dollars.

The low was reached in 1974, when the average price in 1967 dollars was $3106.
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TABLE 4-2. AVERAGE NEW-CAR-PURCHASE COST

YEAR TOTAL % CHANGE % CHANGE CPI

1958 3141 1.3 2.7
1959 3221 2.5 0.8
1960 3129 -2.8 1.6
1961 3121 -0.3 1.0
1962 3140 0.6 1.1
1963 3208 2.1 1.2
1964 3223 0.5 1.3
1965 3318 2.9 1.7
1966 3391 2.2 2.9
1967 3515 3.7 2.9
1968 3704 5.4 4.2
1969 3832 3.4 5.4
1970 3833 0.0 5.9
1971 4115 7.4 4.3
1972 4143 0.7 3.3
1973 4280 3.3 6.2
1974 4588 7.2 11.0
1975 5427 18.3 9.1
1976 5769 6.3 5.8

4.2 CAPITALIZED COST PER MILE

Capitalized cost per mile is a combination of purchase, finance, and

operating costs. The operating costs, including fuel, are computed annually

over a 10 year, 100,000 mile lifetime, and then discounted and combined with

purchase cost to yield a present value or capitalized aggregate cost

measure. The historical trends in finance rates, operating costs, and

capitalized costs per mile are shown in Table 4-3.
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The installment credit rate rose rapidly in the 1966-70 period after hav-

ing been fairly stable, gaining 2.56 points in five years. After moderating

in the post-1970 economic recovery it again jumped in 1974-75 with the onset

of rapid inflation. The consumer price indexes (CPI) for repairs, insurance,

tires, oil, and parking can all be compared to the overall CPI since they are

all based on 1967. Relatively speaking, repairs and insurance are the most

important in determining non-fuel operating cost, and it is obvious that they

have risen most rapidly--by almost 90 percent for the decade 1967-76, 18 per-

centage points greater than the rise in the overall CPI. The less important

tires and oil indexes have risen much less rapidly.

Fuel cost is determined by new car mpg and the per gallon price. The

average mpg for new cars, by class, generally declined through 1974, rising

slightly in 1975-76 (see Section 3.5). Since the average gasoline price grew

from 30 cents in 1958 to only 36 cents by 1972, the average fuel cost per mile

gained about 25 percent, 1958-72, compared to a 45 percent increase in con-

sumer prices generally. Since then, of course, gasoline prices have exploded,

the pre-tax price gaining 10 percent in 1973, 50 percent in 1974, and 12.5

percent in 1975. The 1976 pre-tax price is almost twice the 1972 level.

The impacts of price increases on cost per mile (CPM) by class naturally

vary depending upon their relative weights. Thus, purchase cost dominates the

luxury class CPM, while insurance and repairs have a greater impact for sub-

compacts.

Looking first at the overall average, the remarkable observation is the

relative stability of the real (relative to CPI) CPM in 1967 dollars. During

the 1960s, it varied from .144 ($/mile) to .151, for a change of 5 percent.

In fact, 1973 ' s CPM of .149 (in 1967 $/mile) equalled the 1967 and 1958

values. It then rose 5 percent in the two years 1974-75. The most rapid

increases in the 1967-73 period (in current dollar terms) were imports (up 44

percent), midsize (42 percent), and fullsize (38 percent), compared to the

average CPM increase of 33 percent. Due to the imports' rapid rise, the

foreign subcompacts actually had a higher CPM than domestic subcompacts by

1972-73 (5 percent above).
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The particularly interesting facts are that, pre-'74, cost per mile rose

very little relative to consumer prices generally, and the current dollar in-

crease of 33 percent (1967-73) was substantially higher than the average pur-

chase cost increase of 22 percent. In contrast, the 1973-76 period has seen a

5 percent rise in the real CPM, and a 33 percent rise in current dollars--

which exactly matches the average purchase cost increase. Therefore, the

operating cost increases of fuel, insurance, and repairs have (on average)

matched the purchase cost increases. Both purchase and operating costs have

therefore provided powerful stimuli in changing the sales mix substantially

since the early 1970s.
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PART B

PROJECTIONS OF FUTURE TRENDS

INTRODUCTION

This section presents projections of automobile demand through 2000 using

the Wharton EFA Motor Vehicle Demand Model (Mark I). A baseline forecast is

presented using a recent Wharton Annual Model forecast to supply the demo-

graphic, energy, and economic input assumptions. An alternative simulation of

extended Corporate Average Fuel Economy (CAFE) regulations beyond 1985 is also

presented.

In Section 5, Subsection 5.1 outlines the assumptions incorporated into

the economic and automobile forecasts. Subsection 5.2 discusses the short

term outlook, 5.3 presents the longer range prospects, and 5.4 details some

particularly critical assumptions and uncertainties. The alternative simula-

tion is discussed in Subsection 5.5. The detailed tables of results are

presented in Appendix A of the control forecast, and Appendix B for the alter-

native.
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5. FORECAST AND SCENARIO RESULTS

5.1 ASSUMPTIONS

The inputs utilized for this forecast come from the Wharton Annual Model

Control Forecast of December 1978, extended to 2000 in February 1979. Key

assumptions are:

(1) Demographic

The July 1978 Current Population Report P-20 gives the Census

projections; we have used the Series II fertility assumptions

which yield an annual growth of 0.9 percent. Family formation

and age distribution projections are made consistently. De-

tails are shown in Table 17 of Appendix A.

(2) Fiscal and Monetary Policy

Implementation of the $18.2 billion tax cut already signed

occurs in January 1979, coupled with an additional $12.6

billion reduction in January 1980. This latter assumes a

response to the low growth outlook for 1980 which, of course,

may not occur.

Beyond the $11 billion increase in 1979, we assume that the

Social Security tax rate will be kept constant at 12.26 per-

cent, and the earnings base will be held constant through

1981, rising at a 7 percent rate thereafter. The Federal def-

icit is estimated at $40.6 billion in 1979 and $64.5 billion

in 1980, with real defense spending growing by 1.7 percent

after 1980, and nondefense expanding at a 2.5 percent rate.

With the dollar apparently stabilized, an easier monetary pol-

icy can be expected in late 1979, which, together with the

slowing in real growth, should cause the discount rate to drop
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to under 9 percent in 1980, and in the longer term we have

assumed a trend towards a 6.5 percent rate.

(3) Energy

The October Energy Bill provisions are incorporated, including

gradual deregulation of "new" gas, complete by 1985, control

of industrial use, and the personal and investment tax credits

for conservation spending. The Oil Producing Exporting Coun-

tries (OPEC) prices were assumed to rise 8 percent in 1979,

and follow US inflation rates through the 1980s, stabilizing

at a 5 percent annual rate of increase. Alaskan production

holds steady at 1.2 million barrels per day, while US lower 48

production continues its declining trend. Since these as-

sumptions were made, the oil price increases have, of course,

been much more severe, thereby much worsening the short term

economic and automobile sales results for 1979-80.

5.2 SHORT TERM OUTLOOK

The short run outlook continues to be weak from mid-1979 through 1980,

with the recovery beginning in 1981 and gathering strength through 1982.

Total retail sales fall from 1978's 11.3 million units to 10.6 in 1980, rising

to 11.2 for 1982. Precise timing is currently very problematic. The near

term movements are very sensitive to the unsettled energy and economic

situations, both at home and abroad.

The macroeconomic forecast is for slow real GNP growth for the rest of

1979 on into 1980, following a better than expected past 6 months. The rate

of inflation should recede slowly from its current double-digit region. On

the energy side, we anticipate that Iranian production will return to 4.5

million barrels/day by early 1980 without destabilizing production or pricing

actions by other OPEC members.

As a result, the current spot shortages of fuel--particul arly unleaded-

can be expected to become more widespread without, however, triggering a

formal rationing program. The tight supply will undoubtedly induce further
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improvement in retail margins and we project an average regular leaded price

of 73 cents for 1979, up 12 percent over last year, while regular unleaded

could easily average 85 cents. As a result, there will be lower growth in

vehicle miles, 2.5 percent for 1979, with a mere 1 percent increase in auto-

mobile fuel consumption.

Total vehicle stock (cars in operation) grows by over 2 percent annually

through 1982, as scrappage is projected to decline rapidly, having now caught

up with the deferred scrappage of 1974-75 through its above average 1977-78

rates.

For the sales mix, 1979 should be a good year for domestic compacts and

fullsize (if gasoline availability is not affected), the latter continuing its

upward trend in market share with new Ford models and Chrysler' s reentry into

this segment, while the new Mustang, Capri and GM's "X-cars" should be well

received. The good fullsize outlook is expected to weaken midsize sales,

while the subcompacts will lose somewhat to compacts.

The new domestic models and continuing upward pressure on prices are ex-

pected to lead to a further slight decline in the imports' share, while VW of

America's domestic production and the decline in captive imports "redefines"

the imports' share downward by about one percentage point. The recent gas

price increases and supply problems will increase the imports* share signifi-

cantly in 1979-80 due to lack of domestic subcompact capacity.

5.3 LONG TERM OUTLOOK

The current forecast indicates a relatively healthy market in the medium

to long run. Strong sales growth prevails during the next economic cycle

through the mid-1980s. After a down cycle at the end of the decade, the 1991-

2000 period exhibits a moderate, if unspectacular, growth trend. Retail sales

average a better than 3 percent annual growth rate for 1980-85, are essen-

tially flat through 1990, thereafter averaging slightly over 2 percent per

annum growth through the end of the century.

The growth of cars in operation fluctuates between 1.5 percent and 2 per-

cent per year, with the highest five-year average occurring for 1985-90. The
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stock reaches 146 million by 2000, 27 percent of which are subcompacts, 22

percent compacts, 26 percent midsize, 14 percent fullsize, and 11 percent lux-

ury. Slightly under 20 percent are foreign.

Miles travelled per vehicle grow most strongly in the 1984-87 period,

averaging a 1.3 percent average annual growth rate for the decade 1980-90.

The period 1990-2000 see a slower growth rate, at slightly below 1 percent per

annum. Together with the growth in vehicle stock, these results yield vehicle

miles travelled (VMT) growth of 3.2 percent from 1978-1990 slowing to a 2.5

percent rate through 2000. With the current CAFE standards in effect through

1985, and before providing for any extension beyond then, the average fleet

fuel efficiency will increase rapidly, exceeding 17 mpg by 1985, and reaching

20 mpg by 1990. The joint result of the VMT and fleet mpg forecasts is a de-

cline in fuel consumed in the 1982-86 period. Thereafter, consumption begins

to creep back up, but it is 1992 before the estimated 1981 peak of 89 billion

gallons is exceeded.

5.4 ASSUMPTIONS AND UNCERTAINTIES

The downside risks with respect to these forecast results are clearly

substantial, and outweigh the possible positive developments. To that extent

this may be deemed an optimistic scenario. Current uncertainties are:

(1) OPEC policies could well be more severe, given the treaty

signing and their new price hike, with a continuation of

sharper price increases and lower production distinctly possi-

ble. Price increases could be set as high as 10 percent an-

nually, rather than the 6 percent rate assumed for the early

1980s.

(2) Domestic decontrol seems much more certain now, and while we

have incorporated a gradual aligning of domestic international

prices in the current forecast, a definite commitment to a

more radical decontrol pol icy--possibly being completed by

1982--seems to be taking shape, despite the domestic infla-

tionary fallout.
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(3) The macroeconomic forecasts clearly indicate a need for fur-

ther tax relief in 1980, and an assumed cut of $12.6 billion

i ncorporated, despite the current emphasis on moving toward a

balanced budget. Should this stimulus be omitted or delayed,

the upturn will be much weaker, with GNP growth trimmed by 0.5

percent in each year from 1980-82, and the unemployment rate

raised a full percentage point.

(4) We continue to project compliance with the CAFE standards,

without significant market disruptions. The downsizing pro-

gram assumed in the current forecast is broadly consistent

with industry plans and projections. Compared to their 1975

average curb weights, the 1985 levels range from 18 percent

lower for subcompacts up to 30 percent reductions for the

fullsize and luxury classes. Even so, substantial efficiency

(technological) improvements are required to meet the rapid

pace required by the interim standards.

A major share of these gains is seen resulting from the wide-

spread use of diesels for the early 1980s. While the N0
X

standards have always been recognized as a problem area, the

new particulate levels under discussion are apparently a

severe threat to widespread diesel ization. In that case,

meeting the 1982-83 interim standards is a more difficult

task. The volume and pattern of domestic sales could then

suffer from a short run disruption due to the rationing or

removal from the market of larger vehicles. The current fore-

cast already includes slower price increases for the smaller

domestics, this tendency would presumably then become greater.

5.5 EXTENDED MPG STANDARDS SCENARIO (See Table 5-1 and Figures 5-1 to 5-5.)

One of the policy issues currently under debate is the question of new

CAFE levels after 1985. The enclosed scenario assumes that the CAFE levels

are increased at a 5 percent per annum rate through 1990— resulting in a CAFE
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of about 35 for 1990. We also assume that purchase prices increase about 1

percent for each 1 mpg gain in CAFE over the control solution.

Initially, sales are affected negatively, with a loss of 230,000 units in

1986, almost 2 percent. By 1991, however, sales are higher by almost 3 per-

cent and the net effect through 1995 is clearly positive. The total stock,

however, does remain below its control path, although the change decays

rapidly after 1990. On balance, foreign sales are helped relatively, although

the increase in market share is very small. Small cars receive some impetus

also due to higher prices encouraging switching to cheaper vehicles. Note

that as a result, the domestic EPA average peaks at slightly about 35, while

the foreign EPA average should actually be increased slightly if 35 were the

standard.

The most pronounced impacts are seen in the average fleet fuel economy,

VMT, and fuel consumption forecasts. The fleet average naturally rises pro-

gressively as the more fuel efficient vehicles enter the fleet, aided by the

higher scrappage during the early years. The fleet average is raised above

the control solution by 7 percent in 1990, 18 percent in 1995, and 24 percent

by 2000. The most rapid gain, therefore, occurs in the 1990-95 period. As a

result, VMT increase, due to lower fuel costs/mile, reaching an 8 percent

higher level by 2000.

Although the VMT increase thus offsets some of the mpg improvement, the

net fuel savings are still very substantial. By 2000, consumption is 13 per-

cent below the control forecast, a savings of 13.5 billion gallons per year.

Overall, the rate of growth of fuel consumption, 1985-2000, falls to less than

0.5 percent per annum, conpared to the control solution's 1.4 percent average

rate.
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APPENDIX A

MARCH 1979 CONTROL FORECAST TO 2000
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I N 0 E If TABLES0 F

TABLE EIRST LAST
NUMBER PAr.E PARE table title

1.00 1 2 SELECTED market INDICATORS
?.oo 3 0 NEW REGISTRATIONS (MILL AUTOS)
2.10 3 a TOTAL POMfsTjC NfW REGISTRATIONS (MilL AUTOS)
2.20 3 0 EORFIGN NEW REGISTRATIONS (MILL AUTOS)
3.00 5 6 GROWTH RATES, NEW REGISTRATIONS
3.1 0 5 6 growth rates, domestic new registrations
3.20 5 6 growth rates, foreign new registrations
0.00 7 5 PASSENGER CARS IN OPERATIONl YEAR-Eno (MILL AUTOS)
0.10 7 8 DOMESTIC CARS IN OPERATIONl YEAR-ENn (Mf LL AUTOS)
o.?o 7 fl FOREIGN CARS IN OPERATIONl YEAR-ENO (MILL AUTOS)
5.00 9 10 growth rates, cars in operation! year-end
5.10 Q 10 growth Rates, DOMESTIC CARS IN OPERATIONl YEAR-END
5.20 9 1 0 GROWTH RATES, FOREIGN CARS IN OPERATIONl YEAR-END
6.00 1 1 12 CARS IN OPERATION BY AGE I MID YEAR (MILL AUTOS)
6.10 1 1 12 CARS IN OPERATION! SHARES BY AGE (PERCENT)
7.00 13 1 0 growth rates, cars in operationi mid-year
7.10 13 1 0 GROWTH Rates, CARS IN OPERATIONl SHARES BY AGE
B.OO 15 16 SCRAPPAGE (MILL AUTOS)
B. 1 0 15 16 GROWTH RATES, SCRAPPAGE
0.0 0' 17 lfl MISCELLANEOUS MARKET VARIABLES
0.10 17 18 growth rates, miscellaneous market variables
10.00 19 20 DOMESTIC auto PRICES (DOLLARS)
11.00 21 22 GROWTH RATES, DOMESTIC AUTO PRICES
12.00 23 20 FOREIGN AUTO PRICES (DOLLARS)
12.10 23 20 GROWTH RATES, FOREIGN AUTO PRICES
13.00 25 26 CAPITALIZED CDSTS PER MILE (DOLLARS PER MILE)
13.10 25 26 growth rates, capitalized costs per mile
10.00 27 28 MILES PER GALLON (wEFA)
10.10 27 28 NEW AUTO MILES PER GALLON (EPA)
15.00 2 9 30 growth RATES, MILES PER GALLON (WEFA)
15.1 0 29 30 growth rates, new auto miles pep gallon (epa)
16.00 31 32 USED CAR market
16.10 31 32 GROWTH RATES, used car market
17.00 33 3o DEMOGRAPHIC VARIABLES
17.10 33 30 growth rates, demographic varibles
IB. 00 35 36 ECONOMIC variables
19.00 37 38 GROWTH rates, ECONOMIC variables
20.00 39 oo AUTO CHARACTERISTICS
21.00 a 1 02 GROWTH RATES, AUTO CHARACTERISTICS
22.00 03 00 FUEL CONSUMPTION EFFICIENCY factors
23.00 05 06 MISCELLANEOUS ASSUMPTIONS
23.10 05 06 GROWTH RATES, MISCELLANEOUS ASSUMPTIONS
32.00 07 52 CONSTANT ADJUSTMENTS
32.10 53 58 EXOGENOUS ASSUMPTIONS
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APPENDIX C

REPORT OF NEW TECHNOLOGY

The work performed under this contract has led to an econometric model

which is both innovative and state of the art. It provides long-run policy

analysis and forecasting of annual trends in the U.S. motor-vehicle market,

given various policy options and alternative socioeconomic futures.

225 copies
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